The evolution of Ni/Au and Ni/Ir/Au metal contacts deposited on AlGaN was investigated at different annealing temperatures. The samples were studied with electrical and chemical composition techniques. I-V characteristics of the Schottky diodes were optimum after 500 and 600 ºC annealing for Ni/Au and Ni/Ir/Au based diodes, respectively. The depth profiles of the contacts were measured by x-ray photoelectron spectroscopy and time of flight secondary ion mass spectroscopy. These chemical composition techniques were used to examine the evolution of the metal contacts in order to verify the influence the metals have on the electrical properties of the diodes. The insertion of Ir as a diffusion barrier between Ni and Au effected the electrical properties, improving the stability of the contacts at high temperatures. Gold diffuses into the AlGaN film, degrading the electrical properties of the Ni/Au diode. At 500 ºC, the insertion of Ir, however, prevented the in-diffusion of Au into the AlGaN substrate.
Introduction
Aluminium gallium nitride (AlGaN) is a ternary semiconductor that has promising applications for optoelectronic devices. These applications include both emitting and detecting devices, such as light emitting diodes (LEDs) and solar-blind detectors respectively [1] [2] [3] [4] . One of the properties that makes AlGaN a good candidate for such devices is the fact that it has a tunable wide band gap ranging from 3.4 to 6.2 eV depending on the Al to Ga ratio. The metals deposited on the semiconductor play an important role in the transport mechanisms of the device. In order to produce a Schottky photodiode the metals have to be thin enough (~ 100 Å) for radiation to reach the metal semiconductor interface [5] . Annealing is another way of improving the transparency of metals to radiation [6, 7] . This annealing has to be optimised without degrading the electrical and optical characteristics of the photodiode.
In annealing the device, the changes in chemical properties of the contact and/or the mixing of the metals to form alloys can enhance or degrade its operation [6] . Furthermore, some metals which form part of the metal scheme might degrade the device after annealing when they come in contact with the metal-semiconductor interface (or diffuse into the semiconductor). The insertion of different metals between Ni/Au has been performed with the aim improving the electrical properties of Schottky diodes [8] . To achieve Schottky diodes on n-AlGaN, metals with a high work function are required [9, 10] . Ni (ϕ m = 5.15 eV) and Au (ϕ m = 5.1 eV) were chosen not only because of this fact but because, amongst other properties, the former adheres well to AlGaN whilst the latter is a good conductor. Ngoepe et al [11] inserted Ir, as a diffusion barrier, between Ni/Au deposited on AlGaN and compared the evolution of the electrical and optical properties with annealing. It was found that the Ir seemed to have an influence on these properties and improved the temperature stability of the contacts. In this paper the structure of the metal contact after isochronal annealing at various temperatures is investigated using time of flight secondary ion mass spectrometry (TOF-SIMS) and x-ray photo electron spectroscopy (XPS).
Experimental
The Al 0.35 Ga 0.65 N samples were degreased by submerging them in boiling TCE and isopropanol for 3 minutes each. The samples were then rinsed 3 times in de-ionised water.
Etching was performed on the samples by placing them in boiling aqua regia for 10 minutes and then in a HCl:H 2 O solution for 60 seconds. Between the etching steps de-ionised water was again used to rinse the samples [12] . Lastly, the samples were blown dry with N 2 . Ni (20 Å)/ Au (50 Å) and Ni (20 Å)/Ir (30 Å)/Au (50 Å) metal schemes were deposited on the surface of the AlGaN wafers using a resistive evaporation system and an electron beam system respectively.
Six identical samples were prepared simultaneously for each deposition method. One sample was set aside for measurement of the as-grown characteristics. The remaining samples were then annealed for 5 minutes at 200 °C, and one of these samples set aside for measurement.
This process was repeated for annealing at 300, 400, 500, and 600 ºC for 5 minutes each under Ar ambient conditions using a Lindberg annealing furnace. This procedure of cumulative annealing was followed so as to duplicate the conditions under which the electrical measurements were investigated.
The samples were then analysed using XPS and TOF-SIMS. A PHI 5000 VersaprobeScanning ESCA Microprobe was used to perform the XPS experiment. It has a monochromatic Al K α x-ray beam (1486.6 eV) with a 100 μm diameter spot size. The raster area was 1 × 1 mm and a sputter rate of 18 nm/min was employed. The TOF SIMS experiment was performed using an ION-TOF TOF SIMS 5. This equipment uses a pulsed Bi + primary ion beam (1 pA, 30 kV). In order to maximise the sensitivity, negative secondary ions were analysed. The vacuum pressure for both systems was in the 10 -9 mbar region.
Results and discussion
The Ni/Au Schottky diodes were optimum after annealing at 400 ºC. After 500 ºC annealing the reverse current at lower voltages increased and the forward characteristics displayed different transport mechanisms at low voltages. The Ni/Ir/Au Schottky diode showed optimum characteristics after 500 ºC annealing but after 600 ºC annealing the reverse current increased significantly by up to 3 orders of magnitude. This agreed with results obtained by Miura et al. [8] . The difference in the manner of degradation of the two photodiodes showed that there were two different modes involved in the degradation of the samples. It has been suspected by Miura et al. [8] that when Au diffuses into the semiconductor it deteriorated the currentvoltage characteristics of a Ni/Au Schottky diode by increasing the leakage current. The results of the as deposited Ni/Au are as expected, with Au as the top layer followed by Ni then Al. The Au has a broader and higher peak compared to the Ni indicating that it was thicker than Ni. After 400 ºC the Au diffused to the AlGaN substrate. After 500 ºC annealing the Ni out-diffused to the top of the metal contact. In Fig. 3 , Au was dominant closer to the surface as it was the top layer and decreased with depth. It was followed by Ir then Al. Even after high annealing temperatures, Ir formed a barrier between the Au and AlGaN. The Ni seemed to have out-diffused after both 500 ºC and 600 ºC annealing temperatures. 
Conclusion
The 
